Comparison of human papillomavirus genotypes, sexual, and
reproductive risk factors of cervical adenocarcinoma and
squamous cell carcinoma: Northeastern United States
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OBJECTIVE: Although human papillomavirus causes essentially all cervical carcinoma, cofactors may differ
by cancer histologic type. We examined human papillomavirus genotypes and sexual and reproductive risk

factors for cervical adenocarcinoma and squamous cell carcinoma.

STUDY DESIGN: One hundred twenty-four women with adenocarcinoma, 139 women with squamous cell
carcinoma, and 307 control subjects participated in this case-control study. Logistic regression analyses

were performed to calculate odds ratios and Cls.

RESULTS: Human papillomavirus 18 was associated most strongly with adenocarcinoma (odds ratio, 105;
95% Cl, 23-487). Human papillomavirus 16 was associated most strongly with squamous cell carcinoma
(odds ratio, 30; 95% ClI, 12-77). More than three lifetime sexual partners was a risk factor for adenocarci-
noma (odds ratio, 2.1; 95% Cl, 1.1-4.0) and squamous cell carcinoma (odds ratio, 3.0; 95% Cl, 1.6-5.9).
Even being pregnant was associated inversely with adenocarcinoma (odds ratio, 0.4; 95% Cl, 0.2-0.8). Five
or more pregnancies was associated with squamous cell carcinoma (odds ratio, 2.2; 95% Cl, 0.9-5.4).
CONCLUSION: The relative importance of human papillomavirus genotypes 16 and 18 and the reproductive
co-factor differences suggest distinct causes for cervical adenocarcinoma and squamous cell carcinoma.

(Am J Obstet Gynecol 2003;188:657-63.)
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history

Although adenocarcinomas of the cervix comprise a
minority of all cervical cancers that are diagnosed in the
United States and elsewhere, approximately 20% of cer-
vical cancers are adenocarcinomas. The rates of the more
common squamous cell tumors of the cervix have been
declining in many countries, although adenocarcinoma
rates have not. In fact, some evidence exists to suggest
that rates of cervical adenocarcinoma are increasing in
soine populations because of changes in detection or real
changes in disease occurrence over time.!l Human papil-
lomavirus infection (HPV) is a necessary factor for these
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two histologic types of cervical cancer.?2 Approximately
one half of cervical squamous cell carcinomas are attrib-
uted to HPV genotype 16 infection,? and approximately
one half of cervical adenocarcinomas are attributed to
HPV genotype 18.3

The recognition that HPV infection causes virtually all
cervical cancer calls for careful classification of HPV sta-
tus of cases and control subjects in the study of other co-
factors for these cancers.4 Only a few large epidemiologic
studies of cervical adenocarcinoma have attempted to
collect HPV DNA from either cases or control subjects.56
These and other studies suggest that the cofactors that
contribute to the progression of HPV to cervical adeno-
carcinoma are distinct from those for squamous cell car-
cinoma.” Smoking and parity, for example, appear to
increase the risk of squamous cell carcinoma but protect
against adenocarcinoma.10-13

To elucidate cofactors for adenocarcinoma, we con-
ducted a multicenter case-controlled study of cervical
adenocarcinoma, squamous cell carcinoma, and commu-
nity-based control subjects. We previously reported differ-
ences between histologic types with respect to smoking,12
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Table L. Number of women with cervicovaginal specimens and total number of women enrolled by case-control group

Cervicovaginal swab Control subjects Adenocarcinoma Squamous cell carcinoma All women
Collected 255 (83%) 116 (94%) 129 (93%) 500 (88%)
Not collected 52 (17%) 8 (6%) 10 (7%) 70 (12%)
All women 307 (100%) 124 (100%) 139 (100%) 570 (100%)

oral contraceptives,!4 and hormone replacement ther-
apy.15 In this study we evaluated HPV status, sexual and
reproductive risk factors for cervical adenocarcinoma,
and squamous cell carcinoma.

Material and methods

‘The study enrolled 124 women who were between 18 to
69 years old who had cervical carcinoma that demon-
strated glandular differentiation. Eighty-six women had a
histologic diagnosis of adenocarcinoma (31 women with
carcinoma in situ and 55 women with invasive neo-
plasms), 25 women had adenosquamous carcinoma (2
women with carcinoma in situ and 23 women with inva-
sive neoplasms), and 13 women with rare glandular tu-
mors, all of which were invasive neoplasms (henceforth
referred to as adenocarcinoma cases). Cases were ascer-
tained retrospectively between January 1992 and June
1994 and were ascertained prospeétively between July
1994 and March 1996. Three pathologists reviewed the
reports and histologic specimens of 109 adenocarcinoma
cases to confirm the diagnoses. Institutional review board
clearance was obtained from the National Cancer Insti-
tute and six clinical centers in the northeastern United
States.

To evaluate whether risk factors differ by cancer histo-
logic type, we enrolled 139 cases with squamous cell cervi-
cal carcinomas, which were matched to adenocarcinoma
cases at a 1:1 ratio on clinic, age at diagnosis (+5 years), to

" diagnosis date (+3 months), and stage of disease at diag-

nosis (in situ versus invasive carcinoma). Forty-eight cases
had carcinoma in situ, and 91 cases had invasive squamous
cell carcinomas. Matching criteria were relaxed when a
squamous cell carcinoma case could not be matched to an
index adenocarcinoma case.

Control subjects were identified by random digit dial-
ing of households in telephone exchange of each adeno-
carcinoma case. Adult women were enumerated by age
and ethnicity. The response rate was 79%. Potential con-
trol subjects, who were matched on age (5 years), eth-
nicity, and telephone exchange were called to determine
hysterectomy status, with a response rate of 75%. Hys-

terectomy-free control subjects were matched individu-

ally 2:1 to adenocarcinoma cases. Matching criteria were

. relaxed when a control could not be matched to an index

adenocarcinoma case.
Cervicovaginal cells were collected for HPV DNA test-
ing from participants with the use of both self-adminis-

tered and clinician-administered Dacron swabs. Some
cervical cancer cases had been treated for their disease
before cervicovaginal specimens could be collected. The
principal treatment was partial or complete removal of
the cervix. Women with pretreatment specimens had cer-
vicovaginal swabs that were collected from both the en-
docervix and ‘ectocervix. Swabs that were collected after
treatment were taken from the vaginal cuff. Control sub-
jects were invited to visit the clinic from which their index -
case was recruited to complete data collection. Partici-
pants had an option of in-home interview and specimen
collection. Only self-administered specimens were col-
lected in-home. There was 88% agreement of positivity
and negativity for self-administered and clinician col-
lected swabs.16 A polymerase chain reaction-based re-
verse line blot detection system (MY09/11 L1 consensus
primer system) discriminated 27 HPV genotypes.16 Other
primers were used to rule out media contamination with
a plasmid that contained a segment of HPV 16 DNA.14
Specimens were grouped hierarchically by HPV geno-
type: 18, 16, 18-related (39, 45, 59, and 68), other onco-
genic (26, 31, 33, 35, 51, 52, 55, 56, and 58), and low-risk
(6,11, 40, 42, 51, 53, 54, 57, 66, 73, 82, 83, and 84).

Participants completed interviews with trained staff. To
avoid the collection of information on exposures that oc-
curred after diagnosis and to exclude Papanicolaou
screening that led to diagnosis, cases reported exposures
before a reference date of 12 months before diagnosis.
Control subjects were assigned the reference date of their
index adenocarcinoma case. Participants were asked
about the number of lifetime sexual partners, partners
during the 10 years after first intercourse, and in the 5
most recent years. They were also asked about their age at
first intercourse and condom use. Questions about re-
productive factors included age at menarche, number of
pregnancies, number of live births, vaginal and caesarean
deliveries, and age at first pregnancy.

Of 203 potential adenocarcinoma cases, 18 cases were
diagnosed with rare forms of cervical carcinomas of
nonglandular differentiation and were therefore ineligi-
ble for study. Among the remaining 185 cases, 11 cases
could not be located, 10 cases could not be enrolled for
other reasons, 7 cases died before enrollment, 27 cases
declined to participate, 2 cases were too ill, and 4 cases
were never interviewed, for a response rate of 124 of 185
cases (67%). Of 255 potential cases of squamous cell
carcinoma, 14 cases were found not to be eligible.
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Table II. HPV genotypes of cases and control subjects and associations with cancer histologic type for all cases with cer-

vicovaginal specimens and with pretreatment specimens

Adenocarcinoma Squamous cell carcinoma
Control subjects
HPV DNA status* (No.) No. ORf 95% CIt No. ORf 95% CIt
All cases with specimens
HPV 18 4 12 11.9 3.6-39.5 6 5.2 1.419.4
HPV 16 14 19 5.3 2.4-11.4 38 10.5 5.2-21.2
HPV 18-related types 7 4 2.3 0.6-8.4 5 2.9 0.9-9.6
Other oncogenic types ' 11 3 11 £ 0.34.1 8 3.0 1.1-8.1
Low-risk types 13 20 6.1 2.8-13.4 13 4.3 1.8-10.2
HPV positive 49 58 4.7 2.9-7.8 70 5.8 3.59.4
HPV negative . 206 58 1.0 Referent 59 1.0 Referent
Total 255 116 : 129
Cases with pretreatment specimens
HPV 18 4 10 105.2 22.7-487.1 5 19.6 4.6-83.8
HPV 16 14 14 47.6 14.1-161.2 22 30.5 12.1-76.8
HPV 18-related types 7 1 6.1 0.6-62.0 1 2.7 0.3-25.3
Other oncogenic types 11 0 —_ — 4 8.6 2.2-33.3
Low-risk types 13 2 7.0 1.1-42.6 1 1.6 0.2-14.3
HPV positive 49 27 24.1 9.0-64.6 33 14.6 6.7-31.8
HPV negative 206 6 1.0 Referent 12 1.0 Referent
Total 255 33 45

*Hierarchical order: HPV 18, HPV 16, HPV 18-related types (HPV 39, 45, 59, 68), other oncogenic types (HPV 26, 31, 33, 35, 51, 52,
56, 58, 82), low-risk types (HPV 6, 11, 40, 42, 53, 54, 55, 57, 66, 73, 83, 84).

tAge-adjusted: 22 squamous cell carcinoma cases and 9 adenocarcinoma cases did not have information on the time of sample collec-
tion that was relative to treatment, including 11 squamous cell carcinoma cases and 3 adenocarcinoma cases whose test results were pos-

itive for HPV.

Among the remaining 241, 29 cases could not be lo-
cated, 25 cases died before enroliment, 7 cases were
never interviewed, 38 cases declined to participate, and
3 cases were too ill, for an overall response rate of 139 of
241 cases (58%). Of 470 potential community-based
control subjects, 15 subjects could not be located, 21
subjects were ineligible for other reasons, 126 subjects
declined to participate, and 1 subject was too ill to par-
ticipate, for an overall response rate of 307 of 470 sub-
jects (65%). The final study population comprised 124

adenocarcinoma cases, of whom 116 cases (94%) pro- '

vided cervicovaginal specimens, 139 squamous cell car-
cinoma cases including 129 women (93%) who
provided specimens, and 307 control subjects of whom
255 women (83%) provided specimens.

Unconditional logistic regression was used to calculate
the odds ratios (ORs) and 95% ClIs to avoid loss of cases
without matched control subjects and because control
subjects were individually matched to adenocarcinoma
cases, but not to squamous cell carcinoma cases. Regres-
sion models were adjusted for age (<30, 30-39, 40-49, 50-
59, > 60 vyears), household income (<$30,000 vs
2$30,000),vand confounding variables that altered para-
meter estimates for dependent variables by 10% or more:
HPV status (negative, nononcogenic, oncogenic, miss-
ing); lifetime sexual partners (<4 versus 24), ever versus
never pregnant, and Papanicolaou tests in the past 10
years (<10 vs 210). Confounding by HPV was addressed
by including HPV status in logistic regression models and

by comparing HPV-positive control subjects to all cases.
Variables that changed parameter estimates by <10%
were dropped (eg, smoking, age at first intercourse,

" clinic, and ethnicity). To assess whether exposures dif-

fered by case group, adjusted polytomous regression
analyses were performed.l7 SAS version 8.0 (SAS Institute
Inc, Cary, NC) was used to compute analyses.

Resulits

As previously reported, the median age of women with
adenocarcinoma was 38 years (range, 21-67 years), with

. similar distributions for age-matched squamous cell car-

cinoma cases and control subjects.!4 Although 90% of
cases with adenocarcinoma were white and 6% were
African American, 81% of cases with squamous cell card-
noma were white and 13% were African American, and
86% of control subjects were white and 9% were African
American. Sixty-three percent of adenocarcinoma cases
reported postsecondary education compared with 42% of
squamous cell carcinoma cases and 65% of control sub-
jects. Annual household income of 2$30,000 was re--
ported by 65% of adenocarcinoma cases, 52% of
squamous cell carcinoma cases, and 73% of control sub-
jects. In the 10 years before the reference date, 58% of
adenocarcinoma cases reported annual Papanicolaou
tests compared with 42% of squamous cell carcinoma
cases and 49% of control subjects.

HPV detection and genotyping. Cervicovaginal speci- '
mens were obtained from 500 of 570 women (88%) in
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Table IIL Distributions and associations with sexual behaviors and condom use by cervical cancer histology

All women envrolled in study*

HPV-positive control group*

Squamous Squamous
Adenocarcinoma cell carcinoma Adenocarcinoma cell carcinoma
Control Control
subjects 95% 95%  subjects 95% 95%

Sexual history (No.) No. ORt CIt No. ORY} CIt (No.) OR{ CIt OR{ Clt
Lifetime partners

1 96 24 1.0 Referent 19 1.0 Referent 10 1.0 Referent 1.0 Referent

2-3 77 21 1.1 0522 29 1.9 0.9-4.0 9 0.6 0.2-2.0 1.8 0.5-6.1

4+ 125 76 2.1 1.1-40 90 3.0 1.65.9 29 1.1 0.4-3.1 1.8 0.6-4.9
Partners in 10

years after first

intercourse .

1 125 33 1.0  Referent 37 1.0 Referent 14 1.0 Referent 1.0 Referent

2-3 69 35 2.5 1.3-49 43 2.9 1.6-5.6 5 2.7 0.8-9.3 4.5 1.3-16

4+ 104 55 2.1 1.1-4.1 57 1.8 1.0-3.4 29 1.0 0.42.7 1.2 0.5-3.2
Partners in previous

5 years

1 121 58 1.0  Referent 63 1.0 Referent 12 1.0 Referent 1.0 Referent

2+ 69 34 0.8 0416 44 1.0 0.51.8 24 0.4 0.1-0.9 0.4 0.2-1.0
Age at first intercourse

>20y 92 34 1.0 Referent 21 1.0 Referent 11 1.0 Referent 1.0 Referent

17-19y 125 52 0.9 0.5-1.8 65 1.9 1.0-36 156 1.5 0.5-4.6 2.4 0.8-7.1

<17y 90 38 0.9 0518 53 20 . 1.039 23 0.8 0.3-2.4 1.5 0.5-4.3
Duration of

condom use

Never 73 39 1.0 Referent 49 1.0 Referent 10 1.0 Referent 1.0 Referent

<ly 61 21 0.6 0.3-1.3 31 0.6 0.3-1.3 9 0.6 0.2-2.0 0.6 0.2-1.8

14y 81 29 0.6 0.3-1.1 22 0.3 0.2-0.7 16 05 0.2-1.6 0.4 0.1-1.1

>4y 80 27 0.6 0.3-1.2 28 0.5 0.3-1.0 13 0.6 0.2-1.7 0.5 0.2-1.4

*Excludes missing responses.

TAdjusted for age, income, frequency of Papanicolaou tests, HPV DNA status (negative, nononcogenic types, oncogenic types, missing
data), and pregnancy. Models for age of first intercourse and condom use were also adjusted for the number of sexual partners.
}Adjusted as above except that HPV DNA status was dropped from model.

the study population (Table I). HPV genotypes were de-
termined for all 177 HPV-positive participants: 58 adeno-
carcinoma cases, 70 squamous cell carcinoma cases, and
49 control subjects (Table II). HPV DNA was detected in
a higher proportion of cases with pretreatment cervicov-
aginal specimens than cases with pretreatment and post-
treatment specimens combined: 27 of 33 cases (82%)
versus 58 of 116 cases (50%) for adenocarcinoma cases
and 33 of 45 cases(73%) versus 70 of 129 cases (54%) for
squamous cell carcinoma cases. Among cases with speci-
mens that were collected before treatment, HPV 16,
which accounted for 14 cases of adenocarcinoma (42%)
was the most common genotype in the hierarchical analy-
ses as presented in Table II. HPV 18, which accounted for
10 cases of adenocarcinoma (30%) and 5 cases of squa-
mous cell carcinoma (11%), was the next most common
genotype for both case groups. In analyses that were re-
stricted to cases with pretreatment specimens, HPV 18

was associated strongly with adenocarcinoma (OR, 105; -

95% CI, 23487), and HPV 16 was associated most
strongly with squamous cell carcinoma (OR, 30; 95% CI,
12-77). Multiple HPV types were detected in 17 HPV-pos-

itive control subjects (35%), 15 adenocarcinoma cases
(26%), and 20 squamous cell carcinoma cases (29%). In
31 of the 52 women (60%) with multiple HPV types de-
tected, 2 HPV types were detected; for the remaining 21
women, =3 types were observed.

Sexual history. In analyses that included all control sub-
jects, ORs for both histologic types of cervical cancer in-
creased with number of lifetime sexual partners (Table
IIT). Compared with women who reported one partner,
women with cervical adenocarcinoma were twice as likely
(OR, 2.1; 95% CI, 1.1-4.0) and women with squamous cell
carcinoma were three times as likely (OR, 3.0; 95% CI,
1.6-5.9) to report 24 partners. Compared with women
who reported one partner in the 10 years after first inter-
course, women with adenocarcinoma were more than
twice as likely (OR, 2.5; 95% CI, 1.3-4.9) and women with
squamous cell carcinoma were three times as likely (OR,
2.9;95% CI, 1.6-5.6) to report two or three partners dur-
ing this time. Four or more partners during the 10 years
after first intercourse was also associated with adenocarci-
noma (OR, 2.1;95% CI, 1.1-4.1) and squamous celi carci-
noma (OR, 1.8; 95% CI, 1.0-3.4). A similar proportion of
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- Table IV. Distribution and associations with reproductive factors by cervical cancer histologic type

All women enrolled in study

HPV-positive control group

Squamous cell
carcinoma

Adenocarcinoma

Squamous cell

Adenocarcinoma carcinoma
Control Control
Reproductive subjects 95% 95% subjects 95% 95%
Jactors (No.)  No. OR* cr No.  OR* ClI  (No.) ORft cI ORt I
Age at menarche ' .
>18y 151 55 1.0 Referent 61 1.0 Referent 19 1.0 Referent 1.0  Referent
12y 98 36 0.9 0.5-1.5 40 1.1 0.61.8 21 04 0.2-0.9 05 0212
<12y 56 31 14 0.8-2.7 34 2.0 1187 9 1.4 0.3-2.7 1.6  0.64.3
Ever pregnant :
No 52 30 1.0 Referent 19 1.0 Referent 10 1.0 Referent 1.0 Referent
Yes 255 94 0.4 0.20.8 120 11 0.6-2.2 39 0.5 0.2-1.2 1.0 0426
Pregnancies
-0 52 .30 1.0 Referent 19 1.0 Referent 10 1.0 Referent 1.0 Referent
12 119 42 04 0.2-0.8 51 1.1 0523 18 0.5 0.2-1.3 09 0326
34 ' 102 37 04 0.2-0.9 39 0.9 0418 17 0.4 0.2-1.3 1.8 0323
25 34 15 04 0.2-1.1 30 2.2 095.4 4 0.7 0.1-3.0 3.1 0.7-14
Live births
0 77 46 1.0 Referent 32 1.0 Referent 17 1.0 Referent 1.0  Referent
12 163 49 0.5 0.3-0.8 63 1.0 0.5-1.7 22 0.5 0.2-1.2 1.0 0424
23 67 29 0.6 0.3-1.3 44 1.7 0834 10 0.5 0.2-1.7 1.8  0.65.3
Cesarean deliveryf
No 178 65 1.0 Referent 88 1.0 Referent 25 1.0 Referent 1.0 Referent
Yes 52 13 0.7 0.3-1.4 19 0.7 - 0415 7 0.8 0.22.7 09 0326
Age of first pregnancy§
226y 79 19 1.0 Referent 17 1.0 Referent 7 1.0 Referent 1.0 Referent
20-25y 113 44 13 0.6-2.6 54 1.8 0936 21 0.8 0.2-2.8 1.1 0.4-3.7
20y 62 28 1.7 0.7-4.0 47 2.6 1258 11 19 0.4-8.4 16 0463
Age of first birth§ .
226y 88 23 1.0 Referent 22 1.0 Referent 9 1.0 Referent 1.0  Referent
20-25y 102 40 1.0 0.5-2.0 47 1.6 0832 17 0.7 0.2-2.3 1.2 0439
<20y 40 15 1.4 0.5-3.6 38 0.3-6.2 29  0.6-13

Data excludes missing responses.

32 1477 6 13

*Adjusted for age, income, frequency of Papanicolaou tests, HPV status (negative, nononcogenic types, oncogenic types, missing data),
and number of sexual partners. Age of menarche also adjusted for preghancy.
tAdjusted for age, income, frequency of Papanicolaou tests, and number of sexual partners. Age of menarche also adjusted for preg-

nancy.
{Restricted to parous women.

§Restricted to women who reported pregnancy and adjusted for the number of pregnancies.-

cases and control subjects reported one partner in the
previous 5 years.

Early age at first intercourse (<17 years vs referent
group [>20 years]) was associated with sqliamous cell car-
cinoma (OR, 2.0; 95% CI, 1.0-3.9) but not with adenocar-
cinoma (OR, 0.9; 95% CI, 0.5-1.8). Compared with no
reported condom use, ever use was associated inversely for
both histologic types of cancer (ORs between 0.3 and 0.6).
No duration response effect was evident for condom use.

In analyses that were restricted to HPV-positive control
subjects and all cases, point estimates of the as_sociétions
between number’of lifetime partners, partners in the 10
years after first intercourse, and age of first intercourse
remained greater than the null for squamous cell carci-
noma (Table III). Residual associations for adenocarci-
noma were less evident; however, an association with two
or three partners in the 10 years after first intercourse re-
mained. A higher proportion of HPV-positive control

subjects reported >2 partners during the previous 5 years
than either adenocarcinoma (OR, 0.4; 95% CI, 0.1-0.9)
or squamous cell carcinoma cases (OR, 0.4; 95% CI, 0.2-
1.0). Inverse associations between condom use and both
cancer histologic types were of similar magnitude.
Reproductive history. Menarche before age 12 years
was associated with squamous cell carcinoma (OR, 2.0;
95% CI, 1.1-3.7; Table IV). Ever pregnant was associated
inversely with adenocarcinoma (OR, 0.4; 95% CI, 0.2-
0.8), and 25 pregnancies was associated with squamous
cell carcinoma (OR, 2.2; 95% CI, 0.9-5.4). Nonsignificant
inverse associations were seen between ever versus never
having had caesarean delivery and both histologic types.
The association between age at first pregnancy (<20 vs
>25 years of age, referent group) was slightly stronger for
squamous cell carcinoma (OR, 2.6; 95% CI, 1.2-5.8) than
for adenocarcinoma (OR, 1.7; 95% CI, 0.7-4.0) and per-
sisted for squamous cell carcinoma after stratification by
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number of pregnancies (data not shown). The associa-
tion between age at first birth was also stronger for squa-
mous cell carcinoma (OR, 3.2; 95% CI, 1.4-7.7) than for
adenocarcinoma (OR, 1.4; 95% CI, 0.5-3.6).

In analyses that were restricted to HPV-positive control
subjects and all cases, associations differed by cancer his-

- tologic type for ever versus never pregnant, 25 pregnan-
cies, and number of live births (Table IV).

Case group comparisons. Fully adjusted polytomous re-
gression analyses that compared adenocarcinoma and
squamous cell carcinoma cases with control subjects pro-
duced results that were similar to those for unconditional
logistic regression analyses presented in Tables III and IV.
Differences in associations by cancer histologic type
emerged for two key reproductive risk factors: ever versus
never pregnant (P=.06) and the number of pregnancies
(<5 vs 2b; P=.04).

Comment

In this report, adenocarcinomas and squamous cell
carcinomas shared HPV and many sexual behaviors as
risk factors but had different reproductive risk factors.
The principal findings of this study were the inverse as-
sociation between gravidity and cervical adenocarci-
noma and the positive association between high gravidity
and cervical squamous cell carcinoma. Previous analyses
from this case-controlled study have suggested other dif-
ferences in cofactors by histologic type. Smoking was as-
sociated with squamous cell carcinomas and was
associated inversely with adenocarcinomas!?; current
oral contraceptive use was associated only with adeno-

carcinoma in situ,!4 and hormone replacement therapy -

was associated with adenocarcinoma but not squamous
cell carcinoma.l5 Taken together, these findings suggest
that many of the cofactors that influence cervical adeno-
carcinoma56.%.13 are similar to those seen for endome-
trial adenocarcinoma. On the basis, in part, of
associations with smoking, obesity, and reproductive co-
factbrs, endometrial adenocarcinoma is postulated to
have an underlying hormonal causel8 in which the op-
posing effects of estrogen and progesterone on tissue
proliferation have a critical role.1 Although our study
did not address these hormonal factors directly, the find-
ings suggest that reproductive events, presumably re-
lated to hormones, have different effects on the
progression of HPV infection to cervical cancer accord-
ing to histologic type.

Consistent with a previous report,® HPV genotype 18
infections were associated most strongly with adenocarci-
noma. Conversely, HPV genotype 16 was associated most
strongly with squamous cell carcinoma. Although the bi-
ologic basis for associations between HPV genotypes and
cancer histologic type are unknown, it is noteworthy that
hormones are reported to affect HPV genotype 16 and 18
gene expression differently.20

March 2003
Am ] Obstet Gynecol

Because HPV is a common infection and a necessary
cause of virtually all cervical cancer,2 we addressed HPV
status in several ways to evaluate sexual and reproductive
cofactors of cervical cancer. After the restriction of the
analyses to the HPV-positive control strata, associations
between two sexual risk factors (lifetime sexual partners
and age of first intercourse) remained stronger for squa-
mous cell carcinoma than for adenocarcinoma. Two pos-
sible explanations for these observations are residual
confounding that is related to HPV infection? and etio-
logic differences between the two histologic types of cer-
vical cancer, with squamous cell carcinoma having a
greater venereal component (other than HPV) than ade-
nocarcinoma.?! Inverse associations with condom use
may also reflect the role of sexually transmitted factors in
both histologic types of cancer.

The current study provides the strongest evidence to
date of an association between nulliparity and cervical ade-
nocarcinoma and supports the findings from a pooled
analysis of International Agency for Research on' Cancer
studies that show a stronger association between number
of pregnancies and squamous cell carcinoma than adeno-
carcinoma.ll As in other studies, early age at first preg-
nancy and age at first birth were associated with increased
risk of squamous cell carcinoma.ll:22 Similar, although
weaker, effects were also suggested for adenocarcinoma.
The effect of young age at first pregnancy has been postu-
lated to relate to the susceptibility of young adult women to
HPYV infection, to ectopy, or to other age-related factors.23
Although the association between age of first pregnancy
and squamous cell carcinoma was not explained by the

number of pregnancies in this study, in a larger study of

pooled data from eight International Agency for Research
on Cancer case-control studies, the association with age of
first pregnancy did lose statistical significance after an ad-
justment was made for the number of term pregnancies.!!

Strengths and weaknesses of our study deserve men-
tion. The lack of pretreatment cervical specimens from
all cases reduced the number of cases with reliable HPV
genotype data. Direct analysis of surgical specimens
might have yielded additional HPV genotype data than
"the collection of cervicovaginal swabs; however, more
than three fourtsh of the cases with pretreatment swabs
tested positive for HPV DNA. Although our HPV-positive
control stratum was small, analyses that were restricted to
this group supported the principal findings of the main
analysis. Squamous cell carcinoma cases were matched to
adenocarcinoma cases and therefore were not represen-
tative of squamous cell carcinoma cases in the popula-
tion. Bias because of nonresponse was possible if
distributions of HPV genotypes, sexual, and reproductive
risk factors differed for eligible adenocarcinoma cases,
squamous cell carcinoma cases, and control subjects who
did not participate. Validation studies suggest that the
self-reporting of women’s sexual?4 and reproductive his-
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tories?® are unlikely to cause misclassification of these ex-
posures. Recall bias is unlikely to explain the opposite di-
rection of associations between reproductive history and
cancer histologic type, unless the bias operates at the his-
tologic level rather than at the level of cancer site. The re-
view of histologic specimens from nearly all
adenocarcinoma cases by pathologists reduced the possi-
bility that endometrial adenocarcinomas were misclassi-
fied as cervical adenocarcinomas.

In summary, in this study, reproductive cofactors dif-
fered by cervical cancer histologic type. Although both
types of cervical cancer are caused by HPV infection,
some of the reproductive risk factors for cervical adeno-
carcinoma parallel those for endometrial adenocarci-
noma, which suggests that hormonal risk factors may
- differ for cervical adenocarcinoma and squamous cell
carcinoma. Future studies may explain the underlying
mechanisms for the observed differences in cofactors by
cervical cancer histologic type.
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